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Tém tit:
Cong nghé chinh sira gen CRISPR/Cas9, véi wu diém vé do chinh xac, hiéu qua va
tinh linh hoat, da tré thanh cong nghé pho bién trong nudi trong thiiy sin (NTTS),
gép phian ning cao ning suit, chit lwong va quan ly dich bénh. Ung dung
CRISPR/Cas9 trong chon tao giong ca dang phat trién nhanh chéng, nhim vao cac
diic diém quan trong nhuw cai thién ting truwéng va phat trién co, giam xwong dim,
diéu chinh sinh san, ting kha ning khang bénh va cii thién sic to. O Viét Nam, cac
nghién ctiru CRISPR/Cas9 chii yéu tip trung trong ndng nghiép, dic biét lién quan
dén cai tao giong cdy trong, trong khi ing dung trong chon tao giong ca vin con
nhiéu khoang trong va thach thirc. Pong thoi, nhirng tré ngai cong nghé nhw hiéu
rng chinh stra sai muc tiéu, hién twong nhan d6i gen hay xuit hién thé kham, can
dwoe giai quyét dé ing dung hiéu qua chinh sira gen trén ddi twong thiy san. Bai
b4o xem xét tiém ning ciia cong nghé nay doi véi viée cai thién di truyén cac loai ca
thue phim, ddng thoi phan tich nhitng rao can ky thuit va trién vong ng dung
cong nghé nay nhim hwéng téi phat trién NTTS bén virng.
Tir_khéa: ci thwe phim, cai thién di truyén, chinh sira gen, chon giong ca,
CRISPR/Cas9, nudi trong thiy san.
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Abstract:

CRISPR/Cas9 technology, characterised by its precision, efficiency, and flexibility,

has emerged as a popular and powerful platform that significantly enhances

productivity, product quality, and disease control. The application of CRISPR/Cas9

technology in fish breeding is rapidly growing, targeting key traits, such as

enhanced growth and muscle development, reduction of intermuscular bones,

control of reproductive capacity, and better resistance to diseases, as well as

pigmentation improvement. In Vietnam, significant advancements in CRISPR/Cas9

research have been primarily observed within the agricultural sector, particularly

in crop improvement. Nonetheless, considerable gaps and challenges remain

regarding its application in fish breeding. Furthermore, technical challenges,

including off-target effects, genome duplication, and mosaicism, need to be

addressed to achieve the effective deployment of genome editing in aquaculture.

This article explores the potentials of this technology in enhancing the genetics of

edible fish, as well as analyses the technical challenges associated with its

implementation and the prospects of applying it for sustainable aquaculture

development.

Keywords: aquaculture, CRISPR, edible fish, fish breeding, gene editing, genetic

improvement.
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1. Pit van dé

An ninh lvong thuc lién quan dén kha ning dam bao ngudn thuc phidm cho dan sb
ngay cang ting nhanh hién van dang 1a thach thirc toan cau. Su thu hep dat nong nghiép
dang dat ra nhitng thach thic 16n trong hoat dong tréng trot va chdn nuéi. Vi vay, viéc
Iira chon cac ngudn thie pham thay thé, trong d6 c6 thuy san, tré thanh xu hudng tat yéu.
Tir ndm 1961 dén nam 2017, mic tiéu thy thuy san da ting nhanh chéng véi tée do ting
truong hang nam dat 3,1%, cao hon tdc d6 ting trudng ciia san xudt nong nghiép trén can
(2,1%) va gan gip do6i téc do ting truong dan sb toan cau (1,6%) [1]. Tuy nhién, san
lugng danh bét thily san khong ting 1én trong sudt hai thap ky qua. Néu nhu cau tiéu thu
tiép tuc tang, viéc md rong san xuat bang cac phuong thire phit hop hon 13 diéu bat budc.
Trong bdi canh d6, NTTS duoc coi 13 giai phap day htra hen [1].

Hién nay, d6i tugng khai thac ciia nganh thily san gom 543 nhom loai dong vat co
vo, 362 loai ca vay, 104 loai dong vat than mém, 62 loai giap xac va 15 loai dong vat
thuy sinh khac, gop phan quan trong vao viéc san xuat nhiéu dong san pham véi nhiéu
loai protein, vitamin, khoang chét va vi luong [2]. Dic biét, ca va cac san pham thiy san
12 ngudn cung axit béo khong bao hoa da chudi dai - dudng chéat quan trong cho strc khoe
con ngudi va khong cé nhiéu trong hau hét cic ngudn protein trén can. Hon nita, san xuét
thity san c6 hiéu qua chuyén ddi thie dn va dinh dudng cao hon so voi da sé hinh thirc
chan nudi trén can. Tiém ning md rong ciia nganh nay ciing rat 16n, khi mai chi khoang
1% dién tich bién dugc khai thac cho NTTS [2].

Tuy nhién, NTTS dang d6i mit véi nhiéu thach thirc nhu thoai hoa gidng, dich bénh
bung phat, va cic tic dong xdu cia mdi trudng, nhu cdu vé cai thién dic diém hinh thai
va ting trudng trong khi cin dam bao tinh bén vimg. Chinh vi thé, nhiéu nghién ctru da
va dang duoc trién khai nham huong dén mo hinh NTTS bai ban, hé théng hon. Mot
huéng di quan trong 13 két hop cong nghé sinh hoc hién dai véi phuong phép lai tao
truyén thong cai thién di truyén con giéng thiy san, tir 46 nang cao ning suat NTTS.
Trong sb cac cong nghé méi, CRISPR/Cas9 ndi bat nho kha nang chinh sitra chinh xéac

nhiing vi tri cu thé trong bd gen, tir 6 nang cao tiém nang di truyen cua cac loai thuy san
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[3]. Bai bio nay giéi thiéu khai niém va co ché hoat dong, ciing nhu dénh gia kha ning
tmg dung cong nghé CRISPR/Cas9 dé cai thién di truyén loai ¢4 nudi, cac han ché con
t6n tai va trién vong cta cong nghé nay dé dong gop vao sy phat trién cia mo hinh san
xudt thyc pham bén viing trén thé gidi, bao gdbm Viét Nam.
2. Phuwong phap thu thap va lwa chon tai liéu

Tai liéu dugc thu thap thong qua viée tim kiém c6 hé thong trén céc co so dir lidu
khoa hoc uy tin nhu PubMed, Scopus, Web of Science va Google Scholar. Cac tur khoa
dugc stir dung bao gdm “CRISPR/Cas9”, “gene editing”, “fish breeding”, “edible fish”,
“aquaculture”, “genetic improvement”, “disease resistance”, “growth traits” va cac tu
khoa lién quan. Tiéu chi lira chon tai liéu bao gdm: (i) cac bai bao khoa hoc duoc binh
duyét (peer-reviewed), (ii) cong bd trong khoang thoi gian gan day (uvu tién tir 2010 dén
2026), (iii) ndi dung lién quan truc tiép dén ung dung CRISPR/Cas9 trong chinh sira gen
va chon giéng ca, va (iv) c6 dir liéu thuc nghiém hoac téng quan co gia tri hoc thuat cao.
Céc tai lidu trung 13p, khong rd ngudn gbc hodc khong lién quan truc tiép dén d6i tuong
nghién ctru dugc loai bo. Quy trinh sang loc dugc thuc hién qua cac budc: doc tiéu dé,
tom tat va toan vian dé danh gia muc do phu hop. Cac tai liéu cudi cing duogc tong hop,
phan tich va trich din nham dam bao tinh cap nhat, chinh xac va d¢ tin cay khoa hoc cho
bai tong quan.
3. Co ché hoat dong ciia hé thong chinh sira gen CRISPR/Cas9

Hé théng CRISPR/Cas9 1a mot cong cu chinh stra gen c6 ngudn gdc tir co ché
phong vé tu nhién cua vi khuén chéng lai sy xam nhap cua thé thuc khuan [4]. Y. Ishino
va cs (1987) [4] goi céc trinh ty 1ap 1a CRISPR (clustered regularly interspaced short
palindromic repeats). H¢ théng CRISPR duoc xac dinh 1a mot phﬁn cua hé mién dich
trong vi khuan. Trong méi truong sdng, khi vi khuan bi tin cong bsi thé thuc khuan,
ching c6 thé “ghi nh¢” mot doan DNA cua virus béng cach tich hop doan trinh ty d6 vao
vung CRISPR trén h¢ gen. Noi cach khac, mdt phén nhé DNA cua thé thuc khuan dugc
cit va chén vao ving CRISPR trong bo gen cta vi khuan. Nhitng doan ghi nhé nay duoc

goi 13 “spacers”, xen k& gitra cac trinh ty lp lai ngan (repeats). Khi thé thuc khuan xam
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nhap lan sau, Vi khuan s& phién ma cac trinh ty CRISPR thanh RNA, dugc goi la pre-
ctRNA (precursor CRISPR RNA). Pre-crRNA sau d6 dugc cit nhé thanh cic phén tir
crRNA, trong d6 mdi doan crRNA mang thong tin tir mot doan spacer (tir thé thyc khuan
d3 timg xam nhap). Tiép theo, crRNA két hop v6i mot phan tir RNA khac 1a tracrRNA,
tao thanh mot t6 hop RNA din duong (gRNA - guide RNA). gRNA lién két v6i enzyme
cit DNA (Cas9) tao thanh phirc hop CRISPR/Cas9 hoan chinh dé tan céng muc tiéu (cat
vat chat di truyén cta thé thuyc khuin). Trong cong nghé chinh sira gen, crRNA va
tractRNA duoc gop lai thanh mot phin tir duy nhit goi 1a sgRNA (single-guide RNA)
[5]. Cas9 khi két hop voi sgRNA c6 kha nang tim téi doan DNA muc tiéu va tao mot vét
cit dit doi (double-strand break - DBS).

Qua trinh phong vé CRISPR/Cas9 bat ddu khi Cas9 gin voi gRNA tao thanh phirc
hop protein-RNA. Phtic hop nay di chuyén trong nhan té bao dé tim dén doan DNA muc
tiéu. Tuy nhién, Cas9 khong gan vao moi vi tri c6 trinh ty bd sung véi gRNA ngay lap
tic. Trudc tién, Cas9 can nhan dién duoc mot trinh tuw bao thu ngén goi la PAM
(protospacer adjacent motif). Vi du, dbi voi Cas9 c6 ngudn gdc tir vi khuan Streptococcus
pyogenes, PAM c6 dang NGG (trong d6 “N” 1a bat ky base nao, con “GG” 1a hai
nucleotide Guanine lién tiép). Khi Cas9 tim thiy PAM nidm ngay canh ving DNA c6
trinh tu twong Gng véi trinh tu gRNA, enzyme nay bat dau mé xoan chudi DNA kép tai
vi tri d6 va cho phép gRNA bit cip voi soi DNA bo sung. Néu trinh tu khép chinh xac,
hai viing chirc ning co6 hoat tinh cit DNA bén trong enzyme - goi 14 HNH va RuvC - s&
dugc hoat hoa va cat dit ca hai sgi DNA tai vi tri xac dinh (DBS). Trong phién ban cai
tién dung trong phong thi nghiém véi myc dich chinh stra gen, sgRNA duoc thiét ké dé
¢6 vung trinh ty spacer bo sung v6i doan DNA muyc tiéu can chinh sira. Khi duoc dua vao
té bao, sgRNA dinh huéng Cas9 dén dung vi tri cin can thiép trén hé gen, tao ra DBS
theo mong mudn [6].

Sau khi cat DNA, qua trinh chinh sira gen dugc bat dau. Co6 hai co ché chinh sira
gen: NHEJ (non - homologous end joining - ghép ndi tin cing khéng twong dong) va
HDR (homology-directed repair - sira chita dinh hudng twong dong) (hinh 1).
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Hinh 1. Co ché ghép néi khong twong ddng va ghép ndi twong dong ciia hé thong
chinh sira gen CRISPR/Cas9 [7].

Déi v6i ghép ndi khong tuong dong, chudi DNA dut giy duoc ndi lai truc tiép theo
hé thong stra chita noi sinh. Tuy nhién, qua trinh nay c6 thé xay ra dot bién ngau nhién do
thiéu su chinh xac trong qua trinh ghép nbi, giy ra hién twong mat doan, thém doan, hoic
thay d6i khung doc mé (thay doi trinh tu cdc ma bd ba quy dinh amino acid cta chudi
polypeptide). DPbi v6i ghép ndi twong ddng (HDR), té bao stra chita DBS dua trén mot
khuon DNA c6 trinh ty twong ddng véi doan DNA bi dut. Thong thuong, trong té bao,
khi phat hién ton thuong DBS, té bao c¢6 xu hudng sao chép trinh ty nucleotide cia mot
doan DNA khéc tuong dff)ng. Loi dung tinh chat nay, cac nha khoa hoc cé thé tao mot
doan DNA tuong déng v&i doan DNA muc tiéu can chinh stra. Ngay sau khi DNA bi cit,
nuclease cat bo mot doan nho tai hai dau ctia chudi DNA bi dirt gdy, tao nén dau tu 3’ (3
overhang) - soi don DNA can thiét cho viéc bit cip voi khudn twong dong. Dau ti 3° s&
tim dén mot trinh tu tuong d@)ng (thuong 1a chromatid chi em hoac khuén DNA ngoai
sinh dugc cung cp) va xdm nhap vao chudi xoan doi ciia khudn nay dé bat cip. Tir dau

3’ vira xdm nhap, DNA polymerase s& bat dau tong hop doan DNA méi, dua theo khudn
6
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trinh tu cia ban sao twong dong. Qua trinh nay dam bao doan bi dit dugc sao chép chinh
xac. Sau khi doan DNA moi1 duoc téng hop, sgi DNA ban dau rat khoi khuon, bét cap lai
v6i soi con lai tai vi tri cat, va hai dau duoc ndi lai nho enzyme ligase. Két qua 1a DNA
duoc stra chira chinh xac theo khudn [5].

Két hop cong nghé CRISPR/Cas9 véi HDR va NHEJ c¢6 thé gitip cac nha khoa hoc
chinh stra dugc doan gen v61 d chinh xdc cao hoac gay ra dot bién c6 cha dich. Con
dudng stra chira bang cach ndi dau khong twong ddng NHEJ thuong dé lai cac doan chén
va/hodc doan x0a (indels), gay ra sy thay doi khung doc va lam bat hoat chirc nang gen,
do d6 1am thay d6i chirc ning gen, tao ra cic tinh trang mdi cia co thé. Do vay,
CRISPR/Cas9 1a mot cong cu rat hiru ich khi nghién ciru chirc ning gen. Mot trong
nhimg vu diém quan trong nhat cia CRISPR/Cas9, dic biét trong bdi canh tng dung
trong noéng nghiép, 12 kha ning tao ra cac dot bién dinh huéng ma khong can dua bat ky
trinh tuy DNA ngoai lai nao vao hé gen cua sinh vat. Diéu nay c6 y nghia 1én ddi vai cong
chung va quy dinh phap 1y, vi cac san pham khong chira DNA ngoai lai nay khong bi coi
1a sinh vat bién doi gen (GMO) theo cac quy dinh phap 1y ctia Viét Nam ciing nhu nhiéu
nudc trén thé gidi [8, 9].

4. Céc bién thé CRISPR/Cas9

Hé thong CRISPR/Cas9 da tao ra nhiing tién bd dang ké trong k¥ thuat di truyén,
dac biét 1a trong viéc stra doi Cas9 va sgRNA dé dat duoc kha nang chinh stra chinh xac
hon. Trong khi CRISPR/Cas9 truyén thong di chimg minh dugc hiéu qua trong viéc
chinh stra gen, k¥ thuat nay van bi gidi han bdi nhitng nhuoc diém nhu: chinh sta sai
muc tiéu dan dén dot bién DNA khoéng mong mudn, dua protein Cas9 vao té bao do kich
thude 10n; nhu cau vé cac phuong phap an toan va hiéu qua, va phan ing mién dich tiém
an chdng lai protein Cas9. Nhirng han ché khac gdm cic mat doan 16n va su sip xép lai
nhiém sic thé tai vi tri muc tiéu, cdc chinh stra khong hoan chinh din dén hién tuong
kham va cic quy trinh xac dinh dot bién phuc tap, ton thoi gian [10]. Vi vy, cac cong
nghé chinh sira gen méi xudt hién gitp khic phuc dwoc nhing gidéi han cua

CRISPR/Cas9 truyén thong.
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4.1. Dead Cas9 (dCas9)

dCas9 1a mot bién thé dic biét ciia Cas9 da bi bit hoat vung nuclease, khién enzyme
nay khong con kha ning cit DNA. Mic du vy, n6 van giir duoc chirc niang dinh vi chinh
xac nhd sy din duong cua sgRNA. Diéu ndy cho phép dCas9 trd thanh mot cong cu
manh mé& trong diéu hoa biéu hién gen ma khong tao ra dot bién vinh vién. Ung dung
quan trong cta dCas9 13 trong hé théng CRISPRi (CRISPR interference), tai ddy dCas9
trc ché su phién ma bang cach chin RNA polymerase, hodc trong CRISPRa (CRISPR
activation), noi dCas9 duogc gén vO1 cac yéu t6 hoat hoa dé kich thich qua trinh phién ma
[11]. Trong NTTS, dCas9 c6 thé dugc sir dung dé kiém soat cac gen anh hudng dén ting
truong co bap nhu mstn (myostatin), cac gen mién dich nhu #r (toll-like receptor) va
ragl (recombination activating gene 1), hodc cac gen diéu hoa sinh san nhu gnrh
(gonadotropin-releasing hormone). Uu diém 16n nhat ciia dCas9 1a kha ning diéu hoa
biéu hién gen mot cach c6 thé dao nguoc, khi diung dCas9 dé tc ché (CRISPRi) hoic
kich hoat (CRISPRa) mdt gen, su thay doi nay khong lam bién doi vinh vién trinh tu
DNA. Diéu nay gitp mé ra hudng di an toan hon so véi chinh sira gen truyén thong.

4.2. Cas9 Nickase (Cas9n)

Cas9 nickase 1a mdt dang bién do6i khac cua Cas9, trong d6 chi mot trong hai vung
nuclease dugc gilr lai, diéu nay khién cho Cas9n chi tao ra vét cit don mach (single-
strand break) thay vi dut gdy kép nhu Cas9 truyén théng. Khi hai Cas9n duoc thiét ké dé
nhiam vao hai vi tri gﬁn nhau trén hai soi ddi dién, hé théng nay co thé tao ra mot dut gay
kép chinh xac nhung it rti ro bi sai vi tri hon [10]. Cas9n, do d6 dugc danh gia cao vé do
chinh xac, giam thiéu nguy co gy ra dot bién sai muc tiéu. Trong linh vuc thiy san,
Cas9n dang duoc nghién ctru nhu mot giai phap t6i wu dé chinh stra cac gen quan trong
d6i vé6i toc do sinh truong va kha ning thich nghi v6i méi trudng min, noi viée duy tri
tinh chinh x4c cta chinh stra 14 yéu t6 then chét cho hiéu qua tng dung.

4.3. Chinh svwra gen chinh xdc (prime editing)

Prime editing (PE) 1a mot cong nghé chinh stra gen thé hé mai cho phép chén, xo6a

hodc thay thé chinh xac timg nucleotide trong hé gen ma khong can tao ra dut giy kép
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DNA ciing nhu khong doi hoi mau DNA ngoai lai. Co ché cta cong nghé ndy dua trén su
phdi hop cua ba thanh phan chinh: Cas9 nickase, enzyme phién mi nguoc (reverse
transcriptase enzyme - RT) va mot loai RNA dan dic biét goi 1a pegRNA (prime editing
guide RNA). Cas9 nickase, mot bién thé chi c6 kha nang cit mot soi DNA, duoc
pegRNA dan dén dung vi tri myc tiéu va tao ra vét cit don mach. Sau do, enzyme phién
mi nguoc sir dung phan khudén mau mang trong pegRNA dé tong hop mot doan DNA
moi chira trinh tuy mong mubn. Poan DNA méi nay duogc ga"m vao vi tri cit va nhd véao co
ché stra chita ty nhién cta té bao, nd s& duge tich hop vao by gen, thay thé hodc bd sung
cho doan cii. Véi cach tiép can giéng nhu mot hé thong “tim kiém va thay thé” truc tiép
trén DNA [12], PE mang lai d6 chinh xéac cao, giam thiéu dot bién sai muc tiéu va mé ra
trién vong mg dung manh mé trong chon gidng thuy san, chang han nhu chinh stra gen
mstn dé tang sinh truong co bap, cai thién cac gen mién dich nhu ragl hodc 3, hay
nang cao kha ning chiu dung voi diéu kién méi trudng khic nghiét.
5. Tiém niing ciia CRISPR/Cas9 trong cai thién di truyén cac loai ca thuc pham

Cong nghé CRISPR/Cas9 c6 nhidu wu diém so v&i cac phuong phéap tao giong
truyén thong bang cach rut ngan dang ké thoi gian thé hé va cho phép kiém soat chinh
xéac cac bién doi di truyén. Mot sb dic tinh quan trong thuong dugc quan tim trong cac
nghién ctru chinh stra gen trén dbi twong ca bao gébm kha ning ting trudng va phat trién
co, sinh san, khang bénh, sdc to va chuyén hoa axit béo omega-3. CRISPR/Cas9 da duoc
chimg minh 13 cong cu hiéu qua dé tao ra nhitng bién d6i c6 chu dich trong hé gen va nho d6
cai tién nhitng tinh trang muyc tiéu trén cac doi twong thuy san [13-18].

5.1. Tang trwéng va phdt trién co

Téc d6 ting trudong 14 yéu t quan trong véi cac loai thuy san nudi, dic biét 1a ca
thue pham [16]. C4 ting trudng chu yéu nhd qua trinh phi dai va ting san té bao co
xuong. Su ting truong tong thé ¢ thé bi anh hudng bai hormone va cac yéu td diéu hoa
sinh co (myogenic regulatory factors - MRF). Cac hormone nhu hormone tang truong va

yéu t6 gidng insulin diéu chinh su phat trién co, dong thdi anh hudng dén nhiéu qué trinh
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sinh 1y khac. Vi vdy, viéc nhim muc tiéu vao MRF giup thuc diy sy phat trién co trong
khi khong gay tac dung da hinh [17].

Phat trién co thong qua MRF chii yéu duge thyc hién bang hai con dudng tong hop
protein: con dudng diéu hoa duong tinh mTOR (mechanistic target of rapamycin), va con
duong diéu hoa am tinh myostatin-Smad2/3 (Myostatin/Smad2/Smad3 pathway). mTOR
can cho nhiéu chic ning cta té bao, chang han nhu qui trinh ty chét. Trong khi
myostatin (mstn) thude siéu ho yéu td ting truéng chuyén dang B (transforming growth
factor beta - TGF-P), diéu hoa khéi lugng co bang cach lién két véi protein Smad, giir té
bao co ¢ pha GO/G1 va G2 tir d6 ngan can qua trinh phan hoa va tang sinh co [17].

Cong nghé CRISPR/Cas9 di duoc sir dung dé loai bo gen mstn & cac loai ca thuong
mai nhu ¢4 nheo My Ictalurus punctatus, ca chép Cyprinus carpio, ca trap do Pagrus
major, ca 1d6 phi Oreochromis niloticus, c4 bon vi Paralichthys olivaceus, cad ngao (ca
thidu) Culter alburnus nham ting truéng va phat trién co bap [14-17]. Dong ca nheo My
tang trudng nhanh, trong luong co thé trung binh cua ca bot ting 29,7% so vai loai hoang
dai nho bt hoat gen mstn [15]. Dong ca trap d6 dot bién mstn c6 khéi lugng co xuong
tang 16% va giong dong hop tir duwoc tao thanh chi trong hai nam, it hon nhiéu so véi cac
phuong phép lai tao truyén thong (hinh 2) [14]. Hon nita, sy dot bién mstn con gitp cai
thién thanh phan va két cdu phi 1é c4, ting kha ning giit nuéc va ham luong 4m, dong

thoi gidam nhe ham luong collagen [14].
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Hinh 2. Dong ca trap dé Pagrus major ddt bién bat hoat gen mstn (bén trai) ting
truwéng co 16% so véi loai hoang dai (bén phai) [14]. (A) Ca chup tir trén xudng; (B)
Cé chyp mat lung; (C) C4 chyp mat bung.

Thu thé MC4R (melanocortin 4 receptor) kiém soat an udng, trao doi chét va sinh 1y.
Chinh stra gen mc4r bing CRISPR/Cas9 & c4 nheo MYy Ictalurus punctatus gitp ching
tang truong nhanh hon ca hoang dai, cho thay tiém ning ng dung trong nudi thuong
pham [19]. Gen pomc (pro-opiomelanocortin) cling anh huéng dén an uéng, ting truong
va chuyén héa; bit hoat pomc & ca ngua van lam tang khoi luong co thé, cai thién hé sb
chuyén d6i thirc dn ma khong gdy béo phi [20]. Két qua nay chirmg minh, pomc 1a ting
vién tiém ning dé nang cao ning suat thuy san bang CRISPR/Cas9.

5.2. Ting khau vi va hiéu sudt chuyén héa thirc an

Gidng ca noc hd Takifugu rubripes mang dot bién thu thé leptin (lepr) c6 thanh
phan thirc dn da dang hon, an nhiéu hon va do d6 cin ning ciing 16n hon so véi gidng
khong mang dot bién. Gidng ca ndc ho dot bién lepr co trong lugng cao gip 1,9 1an so
v6i cac gidng thong thuong [21] va hién di duoc cap phép thuong mai héa cho Cong ty
Regional Fish (Nhat Ban).

Protein phosphatidylinositol 3-kinase (pi3k) dong vai tro thiét yéu trong qué trinh
chuyén hoa va can bang niang lugng & dong vat c6 xuong song. Trén ca diéc Gibel
(Carassius gibelio), dot bién gen pik3rl gitp ting sinh truéng va ting hiéu suit chuyén
hoéa thue an. Su gian doan & gen pik3rl da tang cuong tin hi¢u PI3K/AKT (protein kinase
B)/mTOR, lam giam triglyceride, axit amin va lactate nhung khong anh huong dén nong

11
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d6 glucose, dong thoi cai thién dang ké mirc d6 ting truong, sir dung lipid va hiéu qua
chuyén d6i thtrc an ¢ ca diée dot bién [22].

TIR (taste receptor type 1) 1a mdt ho thu thé lién két véi protein G dac hi¢u vi giac,
bao gdm T1R1, T1R2 va T1R3, dugc mi héa bdi cac gen twong Gng 14 taslrl, taslr2 va
tasIr3. Nghién ctru trén ca ngua van Danio rerio cho thiy, viéc x0a gen faslrl di cai
thién dang ké hiéu suét tdng truong va kha nang hép thu protein thyc vat [23]. Do do,
viéc chinh stra gen tasIrl & cac loai ca nudi c6 tiém ning ting kha ning sir dung thirc an
c¢6 nhiéu protein thuc vat hon.

5.3. Loai bé hodc giam thiéu xwong dim (IB)

Xuong dam (intermuscular bone - IB) 14 yéu t6 thuong xuyén giy ra tinh trang hoc
di vat do dic diém kich thudc nho, dau nhon va hinh dang chit Y, khién ching kho bi
phat hién trong qua trinh nhai thuc pham. Cong nghé chinh sira gen d cho thay két qua
day hta hen trong viéc giam thiéu hodc loai bo xwong dim & cac loai ca nhu ca chép
Cyprinus carpio, ¢i tram mdm tu Megalobrama amblycephala, ¢4 diéc Gibel ludng boi
Carassius gibelio va ca diéc C. auratus lién quan dén cac gen bmp6 (bone morphogenetic
protein 6) va runx2 (yéu to phién ma ho RUNX 2b) [24, 25].

Bén canh do, cac gen nhu Twist (basic helix loop helix transcription factor), va gen
quy dinh yéu t6 phién ma sp7 (Sp7 transcription factor) ciing lién quan dén qua trinh biét
hoa té bao xwong. Gen twist tham gia diéu hoa quéd trinh chuyén do6i té bao trung md
thanh nguyén bao xwong va thay d6i biéu hién trong cac giai doan phat trién IB; viéc giam
biéu hién gen nay c6 thé gy bét thuong cau triic xwong. Gen sp7 (Osterix) dong vai tro quan
trong trong biét hda nguyén bao xwong, nhung dot bién sp7 & ca chép gy ra nhidu di tat
nghiém trong nhu bién dang cot song, xwong so va giam kich thudc co thé, cho thiy day chua
phai 14 Gmg cir vién phu hop dé loai bo IB [26].

Trong khi d6, gen runx2 1a yéu t6 phién ma c6 vai tro cha chdt trong qua trinh tao
xuong, diéu hoa tang sinh va biét hoa té bao tao xuong, do d6 dugc coi la “kién trac su”
diéu phdi su phat trién xwong dim trong co thé. Dot bién runx2b & ca ngua van Danio

rerio cho thay c6 thé loai bo hoan toan IB ma khong anh huéng dang ké dén tang truong,
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kha nang boi 161 hay mat do khoang xuong. Cong nghé nay cling da duoc ap dung thanh
cong trén ca diéc Gibel va c4 trim mdm tu, tao ra cac dong ca khong xuong dim véi
nang suit cao, kha ning khang bénh tbt va hiéu qua sir dung thtrc dn cao. Cudi nam 2025,
Trung Qudc di cong bd tao thanh cong ca diéc C. gibelio khong xwong dam nhd bat hoat
gen runx2b bang CRISPR/Cas9. Gidng c4 Zhongke sé 6 dugc cai tién v6i ba wu diém nodi
bat gdm ning suit cao, kha ning khang bénh tét trong moi truong nudi thay san mat do
16n va tiét kiém thuc an, trong khi van duy tri luong protein chit lvgng cao twrong duong
[27].

Nhin chung, chinh sira gen dé giam hoic loai bo xwong dim & cac loai c4 thuc pham
13 hudng tiép can day tiém nang. Tuy nhién, can c6 thém cac nghién ciru toan dién nhim
danh gia anh hudng 1au dai cua viéc chinh stra cac gen lién quan dén IB ddi voi cac dic
tinh kinh té quan trong nhu sinh truéng, kha nang van dong, strc khoe va kha ning khang
bénh cua ca.

5.4. Sinh san

Hé théng CRISPR/Cas9 dang nhiam vao cac gen lién quan dén sinh san & ca chu yéu
dé tim hiéu co ché di truyén diéu chinh su phan biét gigi tinh va xac dinh gidi tinh. Dac
biét, tuyén sinh duc dugc coi 1 co quan sinh san quan trong tham gia vao qua trinh diéu
hoa gi6i tinh va 13 noi phan biét va tao ra cac té bao mam tir cac té bao mam nguyén thiy
(primordial germ cells - PGC) trong phoi. Mot s6 gen duoc biét gop phan vao qué trinh
hinh thanh va duy tri PGC la dead end (dnd), nanos C2HC-type zinc finger 2 (nanos2) va
nanos C2HC-type zinc finger 3 (nanos3), goi y viéc bat hoat cac gen niy c6 thé dan dén
v sinh & ca [28, 29]. Viéc ung dung chinh stra cac gen lién quan dén cic gen giy vo sinh
mo ra hudng chon loc don dong (clonal selection) thong qua tao ra céc ca thé vo sinh lam
“vat cha nhan”, cay ghép té bao mam tir dong mong mudn, tir d6 duy tri va nhan nhanh
céc kiéu gen uu viét. Bén canh do, viéc tao quén thé v sinh & céac loai nudi ngoai lai giup
kiém soat sinh san, han ché kha ning thoat ra moi truong va sinh san ngoai ty nhién. Pay

dugc xem 1a mot giai phap sinh hoc quan trong nham giam nguy co hinh thanh céc quan
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thé loai ngoai lai xdm hai, gbp phan bao vé da dang sinh hoc va can bang hé sinh thai
[29].

5.5. Tang kha nang khang bénh

C4 1a sinh vat nhay cam, rat d& méc cac bénh truyén nhiém. Céc nd luc quan 1y bénh
truyén nhidm tap trung vao viéc phat trién vic-xin va chon gidng khang bénh. Tuy nhién,
phuong phap tiém ching con ton kém va mat thoi gian, trong khi hiéu qua cia lai tao
truyén thong chdm va thiéu 6n dinh [30].

Ky sinh trung nhu dong vat nguyén sinh, giun dep va gidp xac thuong gay bénh
nghiém trong & ca thuc pham, dic biét khi moi truong thay doi, gay thiét hai kinh té 16n;
trong khi d6, viéc str dung thudc va khang sinh c6 thé anh hudng tiéu cue dén moi truong
va an toan thyc pham. Cong nghé CRISPR/Cas9 md ra hudng tiép can méi khi c6 thé
nhim muc tiéu tryc tiép vao DNA ky sinh trung. Vi du, chinh sta hé gen cua
Chilodonella piscicola d3 1am giam 40% ty 1¢ séng sot cta ky sinh tring, cho thiy tiém
nang phat trién cac bién phap kiém soat bénh dac hiéu va hiéu qua hon [31].

5.6. Cdi thién sdic té

Séc t6 1a mot dic diém kinh té quan trong, anh hudng gia tri thuong phém va con co
¥y nghia trong an toan sinh hoc. Nhiéu gen lién quan dén sac t6 nhu ho van chuyén chét
tan sd 5 ho 24 slc24a5 (solute carrier family 24 member 5), ho van chuyén chit tan s 2
ho 45 slc45a2 (solute carrier family 45 member 2), gen gdy bach tang toan than II oca2
(Oculocutaneous albinism II) va protein tin hi¢u Agouti ASIP (Agouti signaling protein)
da dugc chinh stra bang CRISPR/Cas9, dan dén thay d6i hodc mat sic té ¢ nhiéu loai ca,
qua d6 1am 13 vai tro cua ching trong hinh thanh melanin va bién di mau sic. Tyrosinase
(Tyr) c6 vai tro quan trong trong tong hop melanin; dot bién gen Tyr thudng gdy bach
tang v6i biéu hién thiéu sic t6 va bat thuong & mat [32]. Ngoai ra, gen Scarbl (scavenger
receptor class b member 1) lién quan dén tich liy carotenoid ciing anh hudng dén mau
sdc, dic biét 1a mau d6 ¢ ca. Viéc loai bo gen ndy lam giam sdc to carotenoid, chung to
vai trd nhu mot “cong tic” diéu khién mau sic [33]. Nhitng nghién ciru ndy cho thay tiém

nang ung dung chinh stra gen trong céi thién ddc diém mau sac & ca thuc pham.
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6. Nhirng thanh tuu ctia cong nghé CRISPR/Cas9 tai Viét Nam
Cong ngh¢ chinh stra gen CRISPR/Cas9 dugc tng dung ¢ Viét Nam tir nam 2017 va
c6 budc phat trién manh mé trong y hoc va noéng nghiép. Day 1a cong cu hitu ich chinh
sira cac sai hong gen gay ra cac bénh di truyén nhu tim mach, ung thu... dugc phat trién
bdi cac nhom nghién ctiru ciia Vién Nghién ciru VinMec [34]. Nhitng thanh tyu chu yéu
trong nong nghiép bao gém chinh sira gen & cay lua dé ting ning suat va chat luong cta
hat gao [35], bt hoat gen SIIAA9 (Solanum lycopersicum Auxin/Indole-3-Acetic Acid
Protein 9) tao thanh tinh trang cdy ca chua khong hat [36], chinh stra gen ¢ cay dau tuong
nham loai bo duong kho tiéu raffinose, nang cao tinh chéng chiu bénh cia cay thudc 14,
du du va cam quyt [37]. Trong linh vyc chan nudi, cong nghé nay gitp cai tao bo vang
Viét Nam theo hudng chuyén thit, tao bé con cé lugng co ting it nhat 15% [37]. Ngoai
ra, nghién ctru trén chudt da loai bo chirc nang gen Lep (leptin), tao ra chudt béo phi [38].
Trén cac dbi twong thiry san, V.T. Nguyen va cs (2024) [39] di thiét 1ap quy trinh
bat hoat con duong tin hiéu diéu hoa dap ung chéng oxy hoa noi sinh keapla/Nrf2
(Kelch-like ECH-associated protein la/nuclear factor erythroid 2-related factor 2) trén ca
mo hinh 1a ¢4 ngua van D. rerio st dung cong nghé CRISPR/Cas9, va nghién ctu kha
nang bao vé chéng lai cac géc tu do cua dich chiét tir thuc vat, nhu ré cay Thd phuc linh,
cao ré 16ng sam Ngoc linh [40], tao Spirulina [41]. Trén d6i twong ca bién, T.H.T.
Nguyen va cs (2025) [42] d3 nghién cru quy trinh tao vector CRISPR mang thé dinh
hudng gen Tyr trén ca khoang c6 A. ocellaris, sau khi vi tiém vao phdi c khoang c¢6 cho
kiéu hinh bach tang. Pong thoi, vector mang gen Scarbl ciing dugc thiét ké va vi tiém
vao phoi ca khoang cd A. ocellaris, két qua tao ra thé dot bién giam nhe thanh phan sic td
carotenoid ¢ giai doan phoi. Tuy nhién, Vi¢t Nam chua c6 cac cong bo vé viée st dung h¢
thong CRISPR/Cas9 dé tao gidng trén dbi twrong ca thuc pham.
7. Nhitng thach thirc k¥ thuit trong cai tién di truyén bang cong nghé CRISPR/Cas9
Mic du cong nghé CRISPR/Cas9 cho thiy tiém nang to 1on trong viéc chinh sira
gen chinh xac, nhanh chong va c6 muc tiéu, vi¢c ing dung trén cac ddi tuong thuy san,

dic biét 1a ca thuc pham van d6i mit vdi nhiéu thach thirc nhu chinh sira gen sai muc tiéu
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(off-target), hién tugng bu dip chirc ning cta cic gen trong cing ho gen va hién tuong
kham [43, 44].

Chinh stra gen sai muc tiéu co thé gay dot bién gen khong mong mudn, dan dén di
tat phoi va tham chi tir vong [43], vi du gen cathelicidin khang bénh dugc chén vao loai
Ictalurus punctatus da 1am giam ty 18 séng cua phoi [15]. Viéc phat hién cac dot bién sai
muyc tiéu gap nhiéu kho khan do chua xac dinh rd su thay ddi nucleotide, nhung c6 thé
giam thiéu bang cach thiét ké chinh xac sgRNA, str dung két hop Cas9 va cac bién thé,
nhu nCas9 (nickase Cas9). Pong thoi, t6i vu hoa ndng do protein sgRNA/Cas9 va sir
dung Cas9 c6 thoi gian ban huy ngan ciing gitp giam cac dot bién sai myc tiéu [43]. Mot
s6 phuong phap dugc ding dé phat hién dot bién sai muc tiéu, bao gdm giai trinh ty toan
bo hé gen/hé exon, gidi trinh ty hé gen duogc cit béng nuclease trong 6ng nghiém
(digenome-seq) va GUIDE-seq [45].

Chtic ning twong dong cua cac paralog trong cing ho gen (hinh thanh do hién twong
nhan d6i gen) 12 mot thach thirc khac trong nghién ciru chinh sira gen. Do d6, can xac
dinh chirc ning cua ting ban sao dé quyét dinh c6 can chinh sira dong thoi nhiéu gen hay
khong [14]. Cong nghé CRISPR/Cas9 c6 thé duoc sir dung theo huéng chinh stra da muc
tiéu dé gay dot bién ddng thoi nhidu gen cung lac, nhu trudng hop cua cac gen IGFBP-2b
[44]. Tuy nhién, trong mot sb trudng hop, viéc chinh sira mot gen ciing da du tao ra dic
tinh mong mudn, tiy thudc vao dic diém chirc ning cua timg loai [14].

Hién twong kham 1a mot han ché phd bién khac xuat hién ¢ thé hé FO cua dong dugc
chinh sira gen, xay ra khi hé thong CRISPR/Cas9 duogc dua vao phdi va qua trinh chinh
stra bit dau sau giai doan té bao don (2n), din dén sy xuit hién cua nhiéu hon mot kiéu
gen trong mot ca thé. Nghién ctru trén ca hoi Dai Tay Duong Salmo salar cho thiy thé
kham tang 1én khi ndng d6 hdn hop tiém cao hon [46]. Dé giam thiéu hién twong kham,
c6 thé sir dung sgRNA dd duoc phién mai in vitro, két hop protein Cas9 thay vi plasmid
hoic RNA, dong thoi kiém soat thoi gian biéu hién Cas9, dic biét & giai doan hop tir.
Viéc str dung Cas9 c6 thoi gian ban hity ngan va tdi uu hoa quy trinh tiém ciing gop phan

giam hién tugng nay. Ngoai ra, lai tao thé hé F1 va sang loc kiéu hinh, kiéu gen cO thé
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gitip loai bo thé kham va tao ra cac dong ca dong hop tir 6n dinh phuc vu cho cac chuong

trinh chon giéng tiép theo [46].

8. Két luan

Cong nghé chinh stra gen CRISPR/Cas9 ¢6 tiém ning to 16n trong viéc tao ra cic
dong ca duogc cai tién di truyén v6i cac dac diém vuot troi va da thanh cong & mot s6 loai
cé nudi c6 thoi gian thé hé dai, nhu ca hoi Pai Tay Duong, ca da tron, c hdi cau vong,
c4 16 phi song Nile, ca chép, ca trap bién do, ca chach, cé trap bién mdm t, ca rd phi va
c4 noc hd. Tuy nhién, hau hét cac nghién ciru vé chinh sira gen cta ca nudi déu gidi han &
quy mé phong thi nghiém va Uimg dung cua né chua dugc khai thac thuong mai trong
NTTS do cac rao can ky thuat. Cac phat trién k¥ thudt cia CRISPR/Cas9, cung véi thay
d6i vé nhan thtc cua cong chung va diéu chinh hanh lang phap 1y phu hop, du kién s&
mang lai nhiéu loi ich trong cac chuong trinh nhan gidng ca thwong mai va NTTS trong
nhirng thap ky toi.

LOI CAM ON

Nghién ctru duge hd tro bai dé tai cap B Gido duc va Pao tao, ma sé B2023-TSN-
13. Céc tac gia xin chan thanh cam on.
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